To investigate how the composition of wetland communities changes over time in response to altered light regimes, experimental communities of five Carex and four grass species were subjected to artificial shading (continuous or seasonal) in a three-year field experiment. Shoot number and size was measured after six weeks, and shoot biomass was harvested five times during the experiment. Communities were initially dominated by three grass species in all treatments, but subsequently, the Carex species increased and reached dominance in the control plots, whereas grasses remained dominant in the shaded plots. Shading had no effect on the biomass of communities or of single species in the first year. In the second year, community biomass was still unaffected, but shading reduced the biomass of three Carex species and also reduced species diversity. In the third year, shading reduced community biomass and all Carex species, but not species diversity. The greater shade tolerance of the grasses could not be explained by differences in morphological plasticity: after six weeks of growth all species had increased shoot height in response to shade by 40 -70%. Grasses were hardly more plastic than Carex species. We propose that the long-term success of the Carex species in full light was due to a high allocation of biomass to belowground parts, which may have reduced losses caused by repeated harvesting of shoots (a simulation of management in productive wet meadows). Shading probably caused the Carex plants to change their allocation pattern, and thus prevented their progressive increase.
Introduction
Light limitation is often considered to be the mechanism excluding slow-growing, small plant species from productive or unmanaged grassland vegetation (e.g. Foster and Gross 1998; Jensen and Schrautzer 1999; Zobel 2001) , though few studies have directly investigated how species coexistence in grasslands depends on light availability. In dense and tall vegetation, light limitation is caused by the plant canopy itself, which creates a vertical light gradient (Hirose and Werger 1995; Anten and Hirose 1999; Schieving and Poorter 1999) . The persistence of species in the lower canopy layers depends on their ability to tolerate low-light conditions, or to grow during periods with greater light availability (Yoshie 1995; Stuefer and Huber 1998) .
Relationships between species composition and light conditions within the canopy along productivity gradients do not accurately indicate the role of light availability for species coexistence because along these gradients, changes in light intensity are associated with changes in vertical light distribution and in below-ground competition (Belcher et al. 1995) . To determine the role played by light availability in itself, experiments must directly manipulate light by shading or additional illumination (Weihe and Neely 1997; Edelkraut and Gu¨sewell 2001) . The few field experiments performed so far have shown rather weak effects of changed light availability on established vegetation (Eek and Zobel 1997; Spackova´et al. 1998; Gu¨sewell and Edwards 1999; Liira and Zobel 2000; Rajaniemi 2002 ). However, these results mainly stem from one-year experiments. Longer lasting experiments showed that improving light supply through the removal of dominant tall species only had significant effects on the remaining vegetation after several years (Keddy 1989; Leps 1999) . It may therefore be expected that the effects of artificial shading or illumination on plant species composition will also take time to appear.
The effects of light supply on species coexistence are also likely to depend on temporal variation in light supply. Short-term fluctuations in light intensity are known to be of great importance for plants in the understory of forests (Sims and Pearcy 1993) . In herbaceous vegetation, light conditions for short species typically deteriorate over the course of the growing season as tall dominant species build up their canopy (Wheeler and Shaw 1991; Gu¨sewell and Edwards 1999) . The first part of the growing season is therefore of particular importance for the growth of short species (Anten and Hirose 1999) , which might be particularly sensitive to shading during this important period (Foster 2000) , whereas late-seasonal shading would be expected to have a smaller effect (Gu¨sewell 1997) . In contrast, tall species can compete for light during the whole growing season and should therefore be affected similarly by additional shading in early or late season. Shading in late season might even affect tall species more than short species because the investment in tall supporting structures and large leaf area might not pay off if the whole plant suddenly becomes shaded (Henry and Aarssen 1997; Schieving and Poorter 1999) . However, these seasonal effects have not yet been demonstrated experimentally.
This study investigates how experimental communities of nine perennial plant speciesrespond to various shading regimes (continuous or seasonal) over a period of three years. We expected that shading would reduce aboveground biomass and modify the species composition of the developing wetland communities. Our aim was to test (1) whether this influence increases with time, (2) whether this influence depends on the temporal pattern of shading and (3) whether species that normally occur only in unshaded, low-productive fen vegetation are reduced disproportionately by shading, especially by shading early in the season. Finally, we examined whether there was a correspondence between shade tolerance and morphological plasticity in response to shade among the nine species.
Methods

Field plots
The experiment was established on an abandoned arable field on peat soil near lake 'Hasensee' in Thurgau, Northern Switzerland (coordinates (m): 704331/274088). The site is a glacial basin of around 300 ha, in which peat soils have developed over an impermeable layer of lake marl. In the mid 1940s, the area was drained for agriculture, which led to rapid mineralization of the peat. The resulting peat loss caused the groundwater table to remain fairly high; even in dry periods, it is not more than 60 -80 cm below soil surface. At the experimental site, the peat layer was approximately 1 m deep.
Twenty 1 m 2 plots were established in April 2000. To reduce the nutrient load of the soil and create wetter conditions, 30 cm of topsoil were removed from each plot and replaced by 20 cm of peat originating from deeper soil layers. The latter was obtained by removing the uppermost 30 cm of soil from neighbouring plots and transferring the underlying peat to the experimental plots, where it was homogenized and leveled. Each experimental plot was surrounded by a plastic sheet 30 cm in height, which was driven 25 -30 cm deep in the soil to prevent lateral nutrient inflow. To monitor the groundwater level, a perforated plastic tube of 1 m length was installed in each plot. The entire experimental site was fenced.
To assess within-site variation in soil conditions, soil cores (0 -10 cm depth, 3 cm diameter) were taken in May 2000 and September 2001 at three random points from each plot, pooled, stored cool for transport and air-dried in the greenhouse. Total soil nitrogen was determined in dried and sieved samples from May 2000 by Kjeldahl digestion (1 h at 420°C with 98% H 2 SO 4 and a copper sulphate-titanium oxide catalyst) of a 0.5 g subsample. Digests were analysed colometrically on a Flow Injection Analyser (Tectator, HÖ GANÄ S). Extractable NO 3 AN was determined from samples collected in September 2001 by shaking 5 g air dried soil in 50 ml distilled water for 1 h; extracts were analysed colometrically (FIA, Tectator). Soil pH was determined at both dates from a 10 g soil sample suspended in 25 ml of 0.01 M CaCl 2 . Groundwater level was measured weekly during the growing seasons.
Plant species
The experimental mixtures consisted of five Carex and four grass species (Table 1 ). All species occur in base-rich wetlands but at sites with differing nutrient availability ( Table 1) .
Cuttings of the five Carex species were gathered from different field sites on the Northern Swiss Plateau in summer 1998 or 1999 and cultivated in the garden of the Geobotanical Institute in Zurich.
In February 2000, plants were split into individual shoots and further grown for six weeks in the greenhouse to obtain individuals of similar size. Individuals of different clones were mixed to assure clonal variation within same treatments.
Seeds of the four grass species were sown at the end of February 2000 in universal garden mould (HORTIMA) in the greenhouse of the Institute. Seedlings were transplanted and further grown in the greenhouse for about three weeks. For acclimatisation all young plants were kept for two more weeks in the garden of the Institute before they were brought to the field.
On 3 -4 May 2000, well developed, single tillers of each species (clusters with two to four tillers of C. davalliana) were planted into the experimental plots using a Latin-square design with 81 plants per plot. Thus, each species occurred once in each line and row of the square. Spaces between neighbouring plants were 9 cm to ensure that competitive interactions were weak in the initial growth phase but strong once plants had become established. A border of 15 cm was left unplanted in each plot. After planting the plots were watered during four weeks and weeded during three months to ensure the establishment of the experimental plants.
Treatments
Shading cages were installed on 24 May 2000, three weeks after planting, when plants were likely to have established roots. Stable wooden frames were built in the field and covered with green shading cloth (ST30, HORTIMA, Hausen, Switzerland), which simulated the quantitative and qualitative changes in light availability created by a vegetation canopy. Five light regimes were applied during three consecutive growing seasons: continuous light (L=control), continuous shade (S), weekly alternation of light and shade (w), two months of light followed by two months of shade (LS) and two months of shade followed by two months of light (SL), each of them replicated four times in a randomised block design). Shading reduced the light intensity to 20% available daylight (one layer of cloth) for the continuous shading and 12% remaining daylight (one layer of cloth plus cloth cut into stripes) for the changing light regimes. By using different shading intensities all These indicator values describe site conditions under which species typically occur in Switzerland on a scale from 1 to 5 (for soil nutrients: 1=very poor and 5=very rich; for light: 1=shade tolerant (<3% daylight) and 5=only at full daylight). Nomenclature follows Hess et al. (1991) .
plots received the same total reduction in light availability, but distributed differently during the growing season. In the third year, shading was intensified, resulting in 12% available light for the continuous shading and 6% available light (two layers of cloth) for the changing light regimes. The shading cloth was removed every year in September and reinstalled at the end of March of the following year. Light intensity above the canopy was measured on a bright sunny day in August 2000 with a Decagon Sunfleck Ceptometer (Delta-T Devices LTD, Pullmann, WA, USA). Thermometers were installed in each shading treatment 30 cm above surface as well as pluviometers to note average daily temperature and average rainfall in each of the treatments during the experiment.
Harvest and measurements
Measurements on growth and morphological characteristics were performed on 26 -28 June 2000. For each plant the number of tillers was counted and effective shoot height and shoot length were measured. Effective shoot height was defined as the vertical distance from soil surface to the third highest point of the plant in its natural position and effective shoot length as the distance from soil surface to the tip of the third longest leaf when the latter was stretched. These 'effective' measures seemed ecologically more relevant to us than the absolute maxima, which could be determined by a single extremely long leaf. Measurements of plant traits reflect initial short-term responses of the species to either full light (treatments L and LS) or to 20% light availability (treatments S or SL) or to weekly fluctuating light.
Shoot biomass was harvested five times during the experiment: (1) At each harvest shoots were cut 5 cm above soil surface and sorted to species, except in August 2001, when due to weather conditions plant species were separated in the laboratory and could only be differentiated by species groups (Carex vs. grasses). Shoots from the outer 20 cm of the plot area were harvested separately, and their biomass was discarded to avoid edge effects. Biomass was dried to a constant weight for 48 h at 75°C and weighed.
Data analysis
Shoot biomass data from each harvest were used to determine community biomass (sum of all species) and the biomass of species groups (Carex vs. grasses). These values were log-transformed to obtain normally distributed data and homogeneous error variance (Levene test). The biomass of single species (log-transformed) was analysed for the first harvest of each year, i. The effects of light treatments on community shoot biomass, on the ratio between the two species groups and on Simpson's index were analysed with two-way ANOVA (factors 'light' and 'block') for each of the five harvests. Treatment effects on individual species were analysed using multivariate analysis of variance (MANOVA) with the 'identity' response function. This analysis accounts for the interdependence of species data from the same plots. Wilk's Lambda test was used to determine the significance of treatment effects. Both wholemodel tests and separate tests for each species were considered. The effects of light treatments (L and LS versus S and SL) on plant traits in June 2000 were analysed using two-way ANOVA. All calculations were performed with the statistical package JMP version 5.0 1989 -2002 (SAS Institute Inc.). (Figure 1a) . The low biomass production in late summer 2001 was due to high rainfall, which caused some of the plots to be flooded for several weeks; these plots had particularly low biomass (Figure 1a) .
Results
Overall successional pattern
Site conditions in the four experimental blocks are presented in Table 2 . Due to differences in rainfall, the mean groundwater level differed considerably among the three years of the experiment: it was lower than the main rooting depth of the plants in all plots in 2000 and 2002, whereas high rainfall in 2001 caused wet to waterlogged soil conditions during several weeks of the growing season in some of the plots. 18 of the 20 plots had a similar water level; only in the two wettest plots in 2001 did the appearance of Holcus and Anthoxanthum (low stature, rapid senescence) indicate that they suffered particularly from flooding. Total soil nitrogen and pH varied little among blocks, whereas the nitrate concentration was lowest in the block which included the wettest plots, probably due to higher denitrification rates and the growth of algae (Table 2) .
Effect of light treatments on biomass and species composition
Community shoot biomass did not respond significantly to light treatments in the first two years, whereas treatment effects were highly significant in the third year (Table 3 and Figure 1a ). Shoot production was significantly higher in control plots than in continuously shaded plots (Tukey HSD<0.05) with intermediate values for the seasonally and periodically shaded plots. Light treatments also influenced the seasonal distribution of shoot production. In the treatments with seasonal shading (LS, SL), a larger fraction of the annual production occurred during the unshaded part of the season than during the shaded part. In the LS treatment, shoot biomass was therefore similar to the control treatment at the first harvest and to the shade treatment at the second harvest; in the SL treatment the pattern was opposite (Figure 1a) . Furthermore, there was a greater decrease in shoot biomass between the first and second harvest of the same year with continuous shading than in control plots, meaning that shading reduced re-growth.
Community structure, i.e. the ratio of grass to Carex species, was independent of the light treatments in the first growing season (Table 3) : in all treatments the grass species dominated with on average 15 times more biomass than the five Carex species together (Figure 1b) . In June 2001 there was a marginally significant effect of light treatments on this ratio (p<0.1). Grasses were still dominant, but the grass/Carex ratio was much higher in plots with shading (17 -35) than in control plots (8; Figure 1b) . In 2002 the grass/Carex ratio was much smaller than in first two years and was in September significantly affected by light availability. In the control plots Carex shoot biomass even exceeded that of grasses (grass/Carex ratio=0.4), whereas in the S-and w-treatments grasses remained dominant (Figure 1b) . Dominance patterns of the nine plant species, as expressed by Simpson's Index (1/l), were significantly affected by light treatments only in June 2001 ( Figure 1c, Table 3) , showing stronger dominance of single species in the shaded plots compared to the control plots.
The effects of light on shoot biomass of individual species also increased with time. At the first harvest none of the nine species responded significantly to light treatments, whereas treatment effects were apparent at the subsequent harvests (Figure 2 , Table 4 ). Three species (C. davalliana, C. flacca and C. flava) showed an effect in June 2001, in June 2002 this effect was only significant for C. elata, and in September 2002 the effect was significant for four of the five Carex species (marginally significant for C. davalliana, Table 4 ). Their biomass was generally greatest in the control treatment, intermediate with weekly changing light, and lowest with seasonal or continuous shading (Figure 2 ). For grass species the effect of light treatments was not significant at any time (Table 4, Figure 2 ).
Overall temporal patterns differed between the five Carex species on the one hand and Holcus and Anthoxanthum on the other hand. Carex species increased shoot biomass with time, especially in the control and weekly fluctuating light treatments (Figure 2a -e) . This was most pronounced for Carex elata, which produced even more biomass than grasses in the third year (Figure 2b ). In contrast, Anthoxanthum and Holcus had their highest shoot biomass in June 2001, after which their growth was strongly reduced (Figure 2g, h) . Temporal patterns were less pronounced in Agrostis and Molinia, but their responses were more similar to those of the Carex than to those of the two other grass species (Figure 2f, i) . The species also differed in their ability to regenerate after the first harvest in June: while most species produced a Data are means±SE of five plots per experimental block. Differences among blocks were not significant for any of the measured variables. , p ‡ 0.1). smaller biomass at the second harvest than at the first (cf. Figure 1a) , this was not the case for C. panicea, Molinia and Agrostis,which regenerated and grew well in late summer (details not shown).
Plasticity in morphological and growth traits in response to light treatments
The indicators of growth and morphological traits measured after five weeks of treatments varied considerably among species and in response to light conditions (Table 5 ). The three grass species Holcus, Anthoxanthum, and Agrostis produced far more tillers than the Carex species and Molinia did; their tiller production was also more affected by the light treatments, with 30 -40% fewer tillers produced in shade than in full light. The response of effective shoot height to shading was significant and similar for this three grass species, with a 40 -70% increase in shade (Table 5) . In all treatments, the tallest species were C. elata and Holcus, and the smallest species was C. davalliana. Results for effective leaf length were comparable to those for effective shoot height and are therefore not shown. When light availability changed weekly, tiller production and height were intermediate between full light and continuous shade in all species (data not shown).
Discussion
Effects of light treatments on community biomass
This experiment has confirmed our hypotheses that the effects of shading on the development of wetland communities depend on the temporal Table 3 for significance levels. pattern of light availability, and that they appear progressively. In the first year, the morphology of the species responded to the treatments but there were no differences in shoot biomass (neither at community nor at species level). In the second year, the biomass of the communities still did not differ among treatments but the biomass of individual species did. In the third year, finally, light treatments also affected community biomass. Thus, shading treatments caused subtle effects, which appeared gradually (cf. Leps 1999) . There are several reasons for the lack of any significant light effect on community biomass in the first two years. First, light treatments started only after plants had established. The germination and establishment phase is in most species far more shade-sensitive than the growth of established plants (Foster and Gross 1998; Spackovaé t al. 1998; Schu¨tz and Rave 1999) . Second, a light reduction to 20% daylight does not cause a severe reduction in plant growth in the species investigated here (Edelkraut and Gu¨sewell 2001) . At least in the absence of competition, growth is only severely reduced when light availability is reduced to less than 10% daylight (Ryser and Eek 2000; Kotowski et al. 2001 ). This corresponds to the level of shading reached in the third year, when treatment effects on community biomass were indeed significant. Third, a possible reduction in biomass production at 20% daylight was probably compensated for by an increased biomass allocation to shoots (Poorter and Nagel 2000) . The significant effects of shading on community biomass in the third year were probably not due only to the greater shading intensity. Already in the second year, regrowth after the first harvest tended to be better in light than in shade. Shading may have reduced the ability of the plants to regenerate after mowing, probably by increasing the biomass allocation to shoots: this change in allocation would increase the proportion of a plant's total biomass that is removed by the harvest, and would concomitantly reduce the quantity of below-ground reserves that can be mobilised for regrowth. The mobilisation of basal and belowground reserves is essential for the shoot regeneration of plants after cutting (e.g. Thornton 1991) , and therefore poorer regeneration is expected in shade. The progressive appearance of shading effects was also related to the change in community composition: the communities were dominated by the three fast-growing grass species in the first two years of the experiment, whereas the Carex species contributed increasingly during the second and third year. Their stronger response to shade (cf. Table 4 ) resulted in light limitation of community growth. Although the ratio of grasses to Carex decreased with time and was lower in the control plots compared to shaded plots, Simpson's Index did not show any differences between these two light treatments (full shade and control). This was mainly due to high production of C. elata, which replaced the primarily dominant position of Holcus lanatus.
The various shading regimes primarily affected the seasonal distribution of biomass production, which was greater during the light phases. In addition there was also an effect on total annual production, especially in the third year: despite the fact that plants in the shading treatments experienced the same reduction in light availability in total, annual production was reduced more by continuous shading than by seasonal or weekly shading. That contrasts with greenhouse experiments where (at same total irradiation) plants grew faster at constant than at pulsed light supply (Sims and Pearcy 1993) , and also grew faster when light supply was spread over more hours per day (Poorter and Van der Werf 1998) . The difference between those studies and the present one is that our light phases lasted much longer. Plant responses to short light phases (<1 day) are purely physiological (Sims and Pearcy 1993) , whereas long light phases might induce morphological responses (cf. Campbell et al. 1991) . In this experiment shoot height (in June 2000) was increased more by continuous moderate shade than by weekly alternating (but stronger) shade. We did not determine biomass allocation to roots in this experiment but it is possible that the latter also differed between periodical and continuous shading.
No difference in total production or species composition was found among the three treatments with seasonal or weekly shading, indicating that seasonal shading affects shoot biomass production less than seasonal nutrient pulses (Kielland and Chapin III 1994; Goldberg and Novoplansky 1997; Boeye et al. 1999) . This was probably due to the June harvest. The latter prevented a progressive canopy development during the whole season, and thus created similar light conditions in both parts of the growing season in the absence of seasonal shading. The June harvests also reduced the phenological differences among species, i.e. growth in the second part of the season depended more on regrowth capacity after mowing than on phenology (Wardle et al. 1999) .
Overall, our artificial wetland communities had a rather low shoot biomass production compared with natural rich fen communities (Boeye et al. 1997; Bollens 2000) , although nutrient concentrations of the peat were high at our site. This was probably due to the assortment of species, which did not include highly productive tall forbs or grass species. The only truly fast-growing species, Holcus lanatus, was obviously inhibited by water logging in the second year (e.g. van Duren et al. 1997) .
The relatively low shoot biomass suggests that root competition was more intense than light competition in this experiment (Twolan-Strutt and Keddy 1996) . This -together with the harvesting regime -probably explains why the Carex species could progressively become dominant in the unshaded plots: many experiments with grassland species showed low-productive species to be promoted by regular cutting relative to more productive species, (e.g. Berendse et al. 1992; Schippers et al. 1999; Fransen and De Kroon 2001) . The greater tolerance to cutting in Carex species may be due to a short stature, large biomass allocation to roots (Konings et al. 1989 ) and low root turnover (Aerts and De Caluwe 1995) .
Response of individual species
Based on their responses to the light treatments, the nine species in the experiment can be subdivided into three groups. The most sensitive species were C. davalliana, C. flacca and C. flava, whose shoot biomass differed significantly between the control and shaded treatments in 2001 and 2002. Their shoot height was smallest and least plastic in response to shading of the nine species in the experiment. In a pot experiment (Edelkraut and Gu¨sewell 2001) , these species even reduced their shoot height in strong shade (4% daylight), leading to a low competitive ability in dense and tall vegetation stands (Alonso and Hartley 1998; Naumburg et al. 2001) . However, in full daylight these species could compete effectively, probably due to high tissue density and root biomass, which reduce their nutrient losses (Gu¨sewell 1997; Edelkraut and Gu¨sewell 2001) . C. davalliana and C. flava are both species from low-productive, open habitats (Landolt 1977) , so that their sensitivity to shade was expected; these species were also sensitive to shade in pot experiments (Edelkraut and Gu¨sewell 2001) . In contrast, C. flacca occurs in forest understory, where it seems to tolerate moderate shade. In these forest sites, C. flacca grows in nutrient-rich mull humus with few neighbouring herbaceous plants, and it only develops a very restricted root system (S. Gu¨sewell, pers. obs.) . This maximises light use efficiency, but in our competitive wetland communities such a response would impair nutrient acquisition. In other words, sensitivity to shade was possibly mediated by root competition in C. flacca (see Cahill 1999) .
C. elata and C. panicea were reduced significantly by shading only in 2002. Their shoots were taller than those of the three other Carex species, which would increase their ability to compete for light when the latter was limiting. Furthermore, we know from pot experiments that both species are able to maintain a high allocation of biomass to roots in shade (Edelkraut 2004; Gu¨sewell 2005) , enabling them to compete for light and nutrients at the same time. This was particularly true of Carex elata, whose biomass strongly increased in the course of the experiment even in the shaded treatments.
Shading did not reduce the four grass species. Three of them (Agrostis, Anthoxanthum, and Holcus) showed a high morphological plasticity in response to shading (lower tiller production and increase in shoot height). The biomass production of these species was maximal in early 2001 and thereafter decreased in all treatments, suggesting that this decrease was mainly due to losses of nutrients and assimilates by cutting and high turnover rates of leaves and roots (Fransen and De Kroon 2001) , rather than to shading. Allocation of biomass and assimilates to reserve organs may be less pronounced in the grasses compared to the Carex species, resulting in these higher losses. The lack of any response of Molinia, finally, was related to its poor growth in this experiment. Molinia establishes only slowly (Bollens 2000) and is sensitive to permanent wetness (El-Kahloun et al. 2000) , so that the high groundwater levels in 2001 probably inhibited its development in our experiment.
Although differences in size and morphological plasticity reflected the species' growth responses to shade, these differences were too small to directly cause the differing shade tolerance (see also Corre1 983; Olff 1992) . Three of the grasses, Holcus and Anthoxanthum and Agrostis, rapidly produced new tillers in the initial phase of the experiment and therefore showed stronger responses to light treatments compared to the other, slower growing species. Rather than plasticity itself, the effect of plasticity on a plant's performance in shade may differ: Anten and Hirose (1999) proposed that increased shoot height (as induced by shade) enhances the light capture of the tallest species in a canopy but has the opposite effect on shorter species. Accordingly, typical forest floor plants are characterised by low morphological plasticity (Henry and Aarssen 1997; McKenna and Houle1 999) . If shade reduced biomass allocation to roots as we suppose, this would also affect the nine species differently. High biomass allocation to roots in a mown system allows faster re-growth after mowing and probably confers a competitive advantage early in the season (Schippers et al. 1999) . Reduced allocation to roots in shade would therefore affect the smaller species more than the taller ones, as smaller species depend particularly on light capture early in the season (or after harvest; Anten and Hirose 1999) . Thus, even though shade reduced light availability for all species in the experiment, it may have selectively disadvantaged the smaller Carex species by inducing plastic responses, which eventually reduced their competitive ability relative to the taller species.
Conclusions
Although experimental shading did not affect the aboveground biomass and species composition of the wetland communities in the first year, it clearly determined their further development. After three growing seasons, the shaded communities (especially those that were shaded continuously) were dominated by grasses, whereas the unshaded communities were dominated by Carex species. We propose that a high allocation of nutrients and biomass to roots reduced nutrient losses of the Carex species during harvest compared to the grasses and thus contributed to their long-term advantage in full light. Furthermore, our results and results from other growth experiments with the same species indicate that the reduced competitive ability of the Carex species in shade was not due to their high allocation to roots nor to a lack of morphological plasticity. We rather suspect that in shaded Carex plants, an increased biomass allocation to shoots resulted in reduced nutrient acquisition, stronger damage from cutting, and eventually, reduced ability to compete for light. We encourage further experiments combining different shading regimes with different mowing regimes to verify these suggestions and test the role of biomass allocation for competitive ability in mown and shaded communities.
